From random-bred populations of Africander cross (AX) and Brahman cross (BX), bulls and cows were selected within breeds for high and low weight per day of age ( W / A ) at c. 2 years of age and mated assortatively. There was a similar and significant response to selection in both breeds in birth weight and pre-weaning W / A as well as in pre-weaning gains. Although the BX animals were heavier and gained more than the AX animals, the differences were not as great or as consistent as the effect of selection.
Introduction
Estimates of heritabilities of the growth rate of beef cattle reported by overseas workers (Shelby et al. 1963; Pahnish et al. 1964 ) have generally been moderately high. Therefore according to quantitative genetic theory, selection for improved growth rate should be effective. A number of selection experiments with cattle (Rollins et al. 1962; Flower et al. 1964; Carter 1971 ; Newman et al. 1973) have in fact confirmed that selection for growth rate would be effective, but all concluded that selection should be for weight, rather than for gains.
Few estimates of the genetic parameters for growth in beef cattle exist in Australia, and only Pattie et al. (1970) have obtained estimates for weaning weight. No estimates exist for crossbred cattle in tropical Australia. However, Seifert and Kennedy (1972) concluded that growth in Brahman and Africander x British cattle appeared to be largely under the influence of additive genetic effects.
With the introduction of a National Performance Recording Scheme in Australia, it is necessary to obtain estimates of the genetic parameters for growth, as well as to demonstrate the effectiveness of selection for high growth rate. Many of the herds in northern Australia are crossbred herds based on the Brahman, and new breeds are being synthesized from these, so that information in crossbred herds is also needed. This paper reports the results of an experiment designed to measure the effectiveness of up and down selection for growth rate in Fg Brahman x British and Africander x British populations.
Animals and Methods
The data presented were collected at the National Cattle Breeding Station, 'Belmont', Rockhampton, Qld. The environment has been described previously (Kennedy and Turner 1959) .
Animals
From random-bred Fz populations of Africander x Hereford (AH), Africander x Shorthorn (AS), Brahman x Hereford (BH) and Brahman x Shorthorn (BS), all male calves born during the normal 1962 calving period (October to December) were left entire. The males were weaned at approximately weekly intervals when they reached 205 days of age. All the female calves were weaned on 19 June 1963, when their average age was 241 days. Within each breed group, approximately three times as many bulls as were required for mating were selected on high and low weight per day of age, during February 1964, when their average age was 434 days. The final selection from those previously selected took place during September 1964, at a mean age of 657 days. All females, ranging in date of birth from November 1957 to November 1962, were similarly divided into high and low groups within breed and year of birth, on their age-corrected weights at c. 2 years. The mating design and the numbers of bulls and cows mated are given in Table 1 .
Bulls were joined singly to c. 30 females during January and February 1965 for a period of 7 weeks. Within the Africander and Brahman breed components, bulls were mated to cows of the opposite British breed component. Similarly herds of approximately 100 Hereford x Shorthorn (HS) and 100 Shorthorn x Hereford (SH) cows were mated to three randomly selected SH and HS bulls respectively. The progeny from all matings were born from 25 October 1965 (day 0) to 11 January 1966, the mean day of birth being 5 December 1965 (day 41k15). The maximum range in age of the calves was 78 days. All the calves were grazed together except during mating from 19 January to 10 March 1966, during which period families were re-formed and mated to single sires. Calves were weighed at birth, on 19 January, 10 March, and 27 April, and at weaning on 12 June 1966, when the average age was 230 days. The cows were weighed on the 19 January and again on 12 June at the weaning of their calves.
Statistical Analyses
The age-corrected weights of the progeny were analysed by the least squares method (Harvey 1960) by using the following model. The same set of normal equations was used to analyse age-corrected weights (WIA) and average daily gains between successive times. The W/A includes birth weight and the cumulative gain up to the point of weighing, while the average daily gain represents only the gain between any two given times. Non-significant interactions were eliminated in the final reduced models used to obtain the least squares constants. The model was also used to analyse day of birth and dam weights and gains.
A model including the previous lactational status of the dam was used to analyse a subset of the data which excluded maidens. This was necessary to avoid the confounding of the previous lactational status of maidens which were all non-lactating. Table 3 .
Results
The analyses of variance for birth weight and pre-weaning weight per day of age ( WIA) of the calves are given in Table 2 , while the analyses of variance for pre-weaning average daily gains for successive periods are given in Table 4 . The least squares constants for WIA and average daily gain and their partial regressions are given in Tables 3 and 5 respectively. The least squares constants are for the reduced model in which the partial regressions on birth weight and dam gains, as well as all the nonsignificant interactions, were eliminated.
The analyses of the day of birth and the dam weights and gain and their partial regressions on birth weight and calf gain to weaning are given in Table 6 , while the least squares constants are given in Table 7 . Effects of previous lactation status are included in these analyses, and maiden cows are omitted. Table 6 . Analyses of variance of day of birth of the calf and dam weights at January and June and dam gain from January to June (weaning)
Breed differences
Calf Weights, Gains and Day of Birth
The BX calves were heavier than the AX calves at all pre-weaning ages except birth (Table 3 ). The advantage was only significant in March (P < 0.01) and at weaning (P < 0.05) ( Table 2 ). The BX calves gained more than the AX calves between dates of weighing. The differences were only significant from birth to January (P < 0.01) and over the whole period from birth to weaning (P < 0.05) (Tables 4, 5 The growth curves for the breeds and lines are shown in Fig. 1 . The high and low crossbred lines were heavier than the random-selected British, but the advantage was not present at birth and appeared at the January weighing and increased toward weaning.
AX calves were born earlier (P < 0 ~01) than BX calves (Tables 6, 7 ). 
Dam Weights and Gains
Dam weights did not differ significantly, but AX dams gained more (P < 0.01) than the BX dams while suckling their calves (Tables 6, 7) .
Dzrevences between selected groups Calf Weights, Gains and Days of Birth
The progeny of lines selected for high W / A were significantly heavier than those from the low lines at birth and maintained the significant advantage at all ages up to weaning with the exception of the January weight (Tables 2, 3) . Differences in average daily gain were highly significant (P < 0.01) (Tables 4, 5), and were largest in the period from April to weaning.
Although calves from the high line were born later than those from the low line, the differences were small and not significant.
Dam Weights and Gains
The up-selected dams were heavier (P < 0.01) than the low lines in January and improved this advantage by better gains (P < 0.01) from January to weaning. Date of weighing
Eflects of dam age Ca2f Weights, Gains and Days of Birth
Calf weight per day of age increased significantly with an increase in dam age, except for the January weight (Tables 2, 3 ). Dam age only had a significant effect on gain from birth to January, and on total gain from birth to weaning (P < 0.05) (Tables 4, 5).
When dam weights at January and weaning, rather than dam gain, were included in the model as covariates, the significance of dam age effects on W / A was eliminated, with the exception of April weight. This indicates that a large part of the dam age effect is due to the associated dam body weight differences.
The least squares constants for W / A ( Table 5 ) also show that there was little difference between dams 5 years and older, and that these classes could conveniently have been grouped together.
Dam age had no significant effect on day of birth (Table 6 ), but older dams tended to calve earlier than younger dams (Table 7 ) with the exception of maidens which calved earliest.
Dam Weights and Gain
Older dams were heavier (P c 0.01) than younger dams in January and June (Tables 6, 7) , and where maidens were included they were the lightest. Although the differences in gains were non-significant, the maidens gained the least and the older cows the most. 
Sex dz&vnces Calf Weights, Gains and Days of Birth
Males were heavier (P < 0.01) than females at birth and at all other times, except January (Tables 2, 3 ) when males were actually lighter than females, although this difference was not significant. Differences in gains were significant only from January to March and March to April (P < 0.01), and over the whole period from birth to weaning (P < 0.05). During the other periods-birth to January and April to weaning-sex differences in gains were very small.
Males were born later than females, but the differences were not significant. In a separate analyses which excluded maidens, the previous the dam significantly affected birth weight and gains from M *P < 0.05. **P < 0.01. 1-P < 0.10.
analyses of variance for birth weight and gains from January to March and March to April are given in Table 8 . Calves born from cows that were lactating the previous season were 1.996 kg lighter than those that had not had a calf (P < 0.05). However, calves from previously lactating cows gained faster than calves from the previously non-lactating cows, but this advantage was significant only from March to April (0.026 kglday). When dam gains were not considered as a covariate in the analyses, the differences were nonsignificant.
A non-significant weight advantage of calves from previously lactating cows became apparent from March onwards, when their gain advantage cancelled their birth weight deficit.
The other main effects were similar to those in the main analyses.
Dam Weights and Dam Gains
Effects of previous lactation on dam weights at January and weaning were nonsignificant, but previously lactating dams gained significantly more than those that were not lactating, 
Interactions

C a y Weights, Gains and Days of Birth
In the model which included the previous lactational status the interaction between breed and previous lactational status was significant (P < 0.05) for birth weight and is shown in Fig. 2 . The birth weights of calves of lactating AX cows were much more severely affected than those of the BX cows. Although the AX cows calved earlier than the BX cows (P < 0.01), the differences were small in the lactating cows, but large in non-lactating cows (Fig. 3) . The BX calving date was less affected by the previous lactational history, in contrast to the AX non-lactating cows. A breed difference in calving date similar to that in nonlactating cows was found for the maidens.
Partial regressions and simple correlations
Calf Weights and Gains on Day of Birth
Calves born late in the season were heavier at birth than those born early, and this weight advantage was maintained until April, after which it disappeared (Table 3) . Early-born calves grew faster (ADG) than late-born calves up until March (Table 5) . However, from April to weaning the late-born calves gained more rapidly than the early-born calves, which probably reflected their phase of growth due to age.
From birth to weaning early-born calves grew faster than the late-born calves, but the regression was not significant. 
Previous lactational status of cow
Calf Weights and Gains on Dam Gain
Dam gains were negatively related to all gains and W/A, which indicated that cows -with fast-gaining calves tended to lose most weight during lactation (Tables 3, 5) .
,Calf Weights and Gains on Birth Weight
Heavy calves at birth remained significantly heavier than lighter calves at all ages ,( Table 3) . This is to be expected, as birth weight is a component of the weights at later ages. Birth weight was also significantly related to average daily gain from January to March, and over the entire period from birth to weaning (Table 5) .
Calf Birth Day on Birth Weight
Later-born calves were heavier (P < 0.05) than early calves (Table 7) .
Dam Weights and Gains on Calf Birth Weight and Pre-weaning Gain
Heavy calves at birth had heavier dams at January ( P < 0.01) and weaning (P < 0.05) and fast-gaining calves depressed the gains of their dams (P c 0.01) (Table 7) .
Simple Correlations among Covariates and Dependent Variables
Correlations among the covariates and dependent variables are given in Table 9 . In contrast to the partial regressions, birth weight was negatively correlated with average daily gain from birth to January, and positively correlated in all other gain periods (P < 0.01).
Of the correlations among the covariates, only day of birth and birth weight were significant (P < 0.01).
The pre-weaning gains were positively correlated (P < 0.01) with the exception of the birth to January gains. Gain from birth to January was negatively correlated with gain from January to March.
Discussion
Birth weight differences between the AX and BX calves were small and nonsignificant (Table 3) , which is in contrast to the results of Seifert and Kennedy (1966) and Kennedy and Chirchir (1971) . However, in the previous analyses factors such as dam age, previous lactational status and day of birth which significantly affected birth weight, were not considered and could have accounted for some of the breed differences. The birth weights of the AX calves were also much more affected by the previous lactational history of their dams than those of the BX calves (Fig. 2) .
The regressions of pre-weaning gains on birth weight showed that gain increased with increasing birth weight, and this is in agreement with the results of Jeffery et al. (1971) . The regression was highest for the period from January to March, which coincided with the most rapid growth phase (Fig. 1) and probably reflects the ability of larger calves to utilize the flush of milk which coincided with the season.
The regression of calf gains on day of birth was negative from birth to March, but positive from March to weaning; the overall regression (birth to weaning) was negative but non-significant. In contrast, the regressions of weights on day of birth were positive until April but of declining magnitude, and became negative at weaning. This declining trend reflects the erosion of the positive birth weight-day of birth association by the negative relationship between gain and day of birth.
The strong negative regressions of the birth to March gains on day of birth support the hypothesis of Lesmeister et al. (1972) and Seifert et al. (1974) , that the older and therefore heavier calves have the ability to utilize the flush of milk which coincides with the break in the season and rapid growth (Fig. 1) .
Increased birth weight is associated with a longer gestation, and this is reflected in the increase in day of birth with increased birth weight as shown by the regression coefficient (Table 6 ). The significantly earlier calving of the AX non-lactating cows (Fig. 3) after removing the effect of birth weight, by covariance, therefore reflects the earlier conception of the non-lactating AX females. The small difference in calving date of all lactating females indicates that lactational anoestrus may be equally important in both breeds.
The effects of dam age on calf weights were similar to those reported in the literature (Blair et al. 1972) . However, the differences were not significant when dam weights at January and weaning were included as covariates in the model. This indicates that the effect of dam age is largely through its effect on dam weight. Dam gain, as a covariate, on the other hand, had no influence on the effects of dam age on calf weights.
Dams that were lactating the previous year gained significantly more during the pre-weaning period than those that were not lactating. This may have been due to some compensatory effect, or to the fact that cows that calve regularly are better adapted than those that do not. Jeffery et al. (1971) and Jeffery and Berg (1972) found a positive relationship between calf weight and post-calving weight of the dam in one year-season and a negative relationship in another. In these data there was a negative relationship between dam gains and calf gains and weights from March.
Males were significantly heavier than females at all ages, which is in agreement with all other reports. Males gained significantly more than females only from January to April, the period of most rapid gains. The males therefore appeared to need a maximum nutritional environment in order to express their superior ability t o grow.
Although the trends for the effects of the main factors and regressions on W/A were similar in January to those in the other periods, there was a general lack of significance. This was mainly due to the large error variance, which probably resulted from the relatively large variation in calf ages and weights at January.
The error coefficients of variation for W / A were lower than those for gains, and for gains the smallest coefficient of variation coincided with the rapid-growing phase from January to March. Gains from January to March were also repeatable with later gains, which indicated that this may be a reliable weight to use in selecting for high weaning weight.
Dams from the high lines were significantly heavier than those from the low lines at January and June, although they were selected on their 2-year-old W/A, which indicated that they had maintained their weight advantage throughout their lives. The high line dams also managed to gain significantly more during the pre-weaning period in spite of the higher pre-weaning gains of their calves, which indicated that they probably were better-adapted animals. Selection for high W/A at 2 years significantly increased all weights, except in January, and all gains. Birth and weaning weights as well as gains are components of weight at 2 years, and this response to selection reflects the indirect selection or the correlated response for these traits. McDonald and Turner (1972) found that genetic and permanent environmental components of maternal ability and the covariance of individual and maternal effects accounted for 15-20 % of the variation in birth weight and 35-45 % of the variation in daily gain from birth to weaning. The direct maternal effects due to the larger body size of the high W / A dams probably also contribute to the pre-weaning traits. However, when the partial regressions on dam weight were included, selection still contributed significantly to the variance. Line differences after adjusting for dam weight and gains give a minimum estimate of the genetic effect.
Whatever the cause of the response to selection, the similar results in the AX and BX animals indicate that a large amount of additive genetic variance exists in these populations for these traits. Productivity can therefore be improved by selecting on these traits in this environment.
